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In recent years experiments revealed intriguing hints for new physics (NP) in B decays involving
b → cτν and b → s`+`− transitions at the 4σ and 5σ level, respectively. In addition, there are
slight disagreements in b → uτν and b → dµ+µ− observables. While not significant on their own,
they point in the same direction. Furthermore, Vus extracted from τ decays shows a slight tension
(≈ 2.5σ) with its value determined from CKM unitarity and an analysis of BELLE data found
an excess in Bd → τ+τ−. Concerning NP explanations, the vector leptoquark SU(2) singlet is of
special interest since it is the only single particle extension of the Standard Model which can (in
principle) address all the anomalies described above. For this purpose, large couplings to τ leptons
are necessary and loop effects, which we calculate herein, become important. Including them in our
phenomenological analysis, we find that neither the tension in Vus nor the excess in Bd → τ+τ− can
be fully explained without violating bounds from K → piνν¯. However, one can account for b→ cτν
and b → uτν data finding intriguing correlations with Bq → τ+τ− and K → piνν¯. Furthermore,
the explanation of b→ cτν predicts a positive shift in C7 and a negative one in C9, being nicely in
agreement with the global fit to b → s`+`− data. Finally, we point out that one can fully account
for b→ cτν and b→ s`+`− without violating bounds from τ → φµ, Υ→ τµ or b→ sτµ processes.
PACS numbers: 13.20.He,13.25.Es,13.35.Dx,14.80.Sv
I. INTRODUCTION
So far, the LHC has not directly observed any particles
beyond the Standard Model (SM). However, intriguing
hints for lepton flavor universality (LFU) violating NP
have been acquired:
b→ s(d)`+`−:
The ratios
R(K(∗)) =
Br[B → K(∗)µ+µ−]
Br[B → K(∗)e+e−] , (1)
[1]([2]) indicate LFU violation with a combined signifi-
cance of ≈ 4σ [3–8]. Taking also into account all other
b → sµ+µ− observables, like the angular observable
P ′5 [9] in the decay B → K∗µ+µ− , the global fit of
the Wilson coefficients to all available data even shows
compelling evidence [10] for NP (> 5σ).
Concerning b → d`+`− transitions, the theoretical
analysis of Ref. [11] shows that the LHCb measurement
∗Electronic address: andreas.crivellin@cern.ch
†Electronic address: greub@itp.unibe.ch
‡Electronic address: saturnino@itp.unibe.ch
§Electronic address: dario.mueller@psi.ch
of B → piµ+µ− [12] slightly differs from the theory ex-
pectation. Even though this is not significant on its own,
the central value is very well in agreement with the ex-
pectation from b → s`+`− under the assumption of a
Vtd/Vts-like scaling of the NP effect[71]. In other words,
an effect of the same order and sign as in b → s`+`−,
relative to the SM, is preferred. Furthermore, an (un-
published) analysis of BELLE data found an excess in
Bd → τ+τ− [13].
b→ c(u)τν:
The ratios
R(D(∗)) =
Br[B → D(∗)τν]
Br[B → D(∗)`ν] with ` = {e, µ} , (2)
which measure LFU violation in the charged current by
comparing τ modes with light leptons (` = e, µ), differ
in combination from their SM predictions by ≈ 4σ [14].
Also, the ratio
R(J/ψ) =
Br[Bc → J/ψτν]
Br[Bc → J/ψµν] (3)
[15] exceeds the SM prediction in agreement with the
expectations from R(D(∗)) [16, 17].
Concerning b→ uτν transitions, the theory prediction
for B → τν crucially depends on Vub. While previous
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FIG. 1: Feynman diagrams depicting the one-loop contributions of the vector LQ singlet to Csb7/8, b → s`+`−, τ → µνν¯ and
b→ sνν¯ (from left to right).
lattice calculations resulted in rather small values of Vub,
recent calculations give a larger value (see Ref. [18] for
an overview). However, the measurement is still above
the SM prediction by more than 1σ, as can be seen from
the global fit [19]. In
R(pi) =
Br[B → piτν]
Br[B → pi`ν] (4)
there is also a small disagreement between theory [20] and
experiment [21] which does not depend on Vub. These
results are not significant on their own but lie again above
the SM predictions like in the case of b→ cτν.
V τus:
Vus extracted from τ lepton decays (V
τ
us) shows a ten-
sion of 2.5σ compared to the value of Vus determined
from CKM unitarity (V unius ) [14, 22].
The only possible single particle explanation, which
can (at least in principle) address all these anomalies
is the vector leptoquark (LQ) SU(2)L singlet V1 with
hypercharge[72] −4/3 [23–29] arising in the famous Pati-
Salam model [30]: This LQ can explain b → cτν data
without violating bounds from b → sνν¯ and/or direct
searches, provides (at tree level) a left-handed solution
to b → s`+`− data, and does not lead to proton decay.
Therefore, a sizable effect in b → uτν and b → d`+`−
is straightforward, and also an explanation of V τus could
be possible. A huge enhancement of b → sτ+τ− rates
is predicted as well [31], making an amplification of
Bd → τ+τ− possible.
Several attempts to construct a UV completion for this
LQ to address the anomalies have been made [32–42]. In
order to fully account for the b → cτν data (while re-
specting perturbativity), one needs sizable couplings to
third generation leptons and V1 generates, via SU(2)L in-
variance, also large contributions to the operators didjττ
and uiujντντ at tree level. These operators give rise to
couplings of down quarks to neutrinos or light charged
leptons at loop level (see Fig. 1).
In this article we will calculate these loop effects [73],
which turn out to be not only numerically important but
also give rise to additional correlations among observ-
ables. Even though a theory with a massive vector boson
without an explicit Higgs sector is not renormalizable, we
still identify several phenomenologically important loop
effects which are gauge independent and finite and can
therefore be calculated reliably (in analogy to flavor ob-
servables within the SM).
II. MODEL AND ONE-LOOP EFFECTS
We work in a simplified model extending the SM by a
vector LQ SU(2)L singlet with hypercharge −4/3, mass
M and interactions with fermions determined by
LV µ =
(
κLfiQfγµLi + κ
R
fidfγµei
)
V µ†1 + h.c. . (5)
Here, Q (L) are quark (lepton) SU(2)L doublets, d (e)
are down quark (charged lepton) singlets and f, i are fla-
vor indices. In the following, we will neglect the right-
handed couplings, which are not necessary to explain the
anomalies. This then generates the effective four-fermion
interactions encoded in
Leff = −
κLilκ
L∗
jk
M2
Q¯αi γ
µQβj L¯
β
kγµL
α
l , (6)
where α and β label the SU(2) components. After EW
symmetry breaking, we work in the down basis; i.e., no
CKM elements appear in flavor changing neutral currents
of down quarks. We recall our definitions and the tree-
level results in the appendix.
In our setup, one-loop effects involving the LQ and
third generation leptons (τ ’s and τ neutrinos) can be very
important, since we aim for large effects in b → c(u)τν
and b → s(d)τ+τ− processes. In principle, a massive
vector boson, like our LQ, without a Higgs sector is not
renormalizable. However, in flavor physics most effects
can still be calculated reliably since they are gauge inde-
pendent and finite (also in unitary gauge)[74]. This is in
analogy to the SM, where the contribution of the W to
flavor observables can be correctly calculated in unitary
gauge without taking into account the Higgs sector.
We are only interested in effects which are always ab-
sent at tree level (like b → sνν¯ processes) or are not
present at tree level due to a specific coupling structure
(like b → sµ+µ− processes in the absence of muon cou-
plings). Furthermore, we neglect tiny dimension-8 effects
of the SM Higgs particle. In these cases the loop effects
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FIG. 2: C``9,sb and C
sb
7 (µb) as functions of R(X)/R(X)SM with
X = {D,D∗, J/ψ}. The solid lines correspond to M = 1 TeV
and the dashed ones to M = 5 TeV while the (dark) blue
region is preferred by b → cτν data at the 1σ (2σ) level.
From the global fit, taking into account only lepton flavor
conserving observables we have −1.29 < C``9,sb < −0.87 [44]
and −0.01 < Csb7 (µb) < 0.05 [10] at the 1σ level. Therefore,
our model predicts just the right sign and size of the effect
in C``9,sb and C
sb
7 (µb) necessary to explain b → s`+`− data,
assuming an explanation of b→ cτν.
are the leading contributions. We calculate all diagrams
at leading order in the external momenta using asymp-
totic expansion [43].
A. W boxes contributing to di → dfνν¯
We use the effective Hamiltonian
Hννeff = −
4GF√
2
VtdkV
∗
tdj
(
CfiL,jkOfiL,jk + CfiR,jkOfiR,jk
)
,
OfiL,jk =
α
4pi
[
d¯jγ
µPLdk
]
[ν¯fγµ (1− γ5) νi] , (7)
OfiR,jk =
α
4pi
[
d¯jγ
µPRdk
]
[ν¯fγµ (1− γ5) νi] ,
with PR(L) = (1 + (−)γ5)/2 and GF (α) being the Fermi
(electromagnetic fine structure) constant. The result of
the box contributions involving a W to di → dfνν¯ (an ex-
ample diagram is shown on the right-hand side of Fig. 1)
is gauge invariant in Rξ gauge and the same finite result
is obtained in unitary gauge (with e =
√
4piα and mt
(mW ) the top quark (W boson) mass)
CijL,fa=
−m2W
2e2V3aV ∗3fM2
6κLfjκL∗ai log(m2WM2
)
+3
(
V3aV
∗
3kκ
L∗
ki κ
L
fj + V
∗
3fV3kκ
L
kjκ
L∗
ai
) log(m2tm2W)
1− m2W
m2t
+V ∗3fV3kκ
L
kjV3aV
∗
3lκ
L∗
li
m2t
m2W

(8)
B. W off-shell penguins contributing to τ → µνν¯
Here (see third diagram in Fig. 1) we obtain again a
finite and gauge independent result for the Wilson coef-
ficient; following the analysis of [45], we use
Hτµνfνieff =
4GF√
2
DτµL,fi [ν¯fγ
σPLνi] [µ¯γσPLτ ] , (9)
with
DτµL,fi = Ncδi2
V ∗3kκ
L∗
kf κ
L
33
32pi2
m2t
M2
(
1 + 2 log
(
m2t
M2
))
. (10)
We find, in agreement with Ref. [28], that the effect is
small.
C. Photon and gluon penguins
We use the standard Hamiltonian (see, for example,
Ref. [44]) also defined in the appendix. For on-shell pho-
tons and gluons the result of the left-hand diagram in
Fig. 1 is finite in unitary gauge and the same result is
obtained in Rξ gauge:
Csb7(8) =
−√2
GFVtbV ∗tsM2
11
72
(
5
48
)
κL2iκ
L∗
3i . (11)
Taking into account the running from the LQ scale
µLQ = M = 1 TeV down to µb = 5 GeV (see, e.g.,
Refs. [46, 47]), we obtain
Csb7 (µb) ≈ 0.29 κL2iκL∗3i . (12)
For off-shell photons the full result (second diagram in
Fig. 1) for the amplitude is gauge dependent and, in gen-
eral, divergent. However, one can calculate the mixing
of Cττ9,sb = −Cττ10,sb into the four-fermion operators O``9,sb
(containing light leptons as well) within the effective the-
ory (i.e. after integrating out the LQ at tree level). In
this way, a gauge independent result is obtained and the
leading logarithm of the (unknown) full result is recov-
ered. For off-shell photons we thus calculate the effect in
the EFT (below the LQ scale), generating the following
mixing into the four-fermion operators with light leptons:
C``9,sb =
√
2
GFVtbV ∗tsM2
1
6
log
(
M2
µ2b
)
κL2iκ
L∗
3i . (13)
Note that this result is model independent (at leading-
log accuracy) in the sense that it does not depend on
the model which generates Cττ9,sb = −Cττ10,sb. In principle,
there are also Z penguins generating C``9,sb and C
``
10,sb.
However, this effect is suppressed by light lepton masses
(or small momenta) and is therefore of dimension 8. Fur-
ther, note that there are no box diagram contributions
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FIG. 3: Predictions for Bq → τ+τ− and K → piνν¯ (con-
tour lines) in the κL13-κ
L
23 plane for M = 1 TeV and κ
L
33 = 1.
The colored regions are preferred by b→ c(u)τν data, where
we naively averaged (i.e., we computed the weighted aver-
age of the observables and added their errors in quadra-
ture, disregarding correlations) R(D(∗)) and R(J/ψ) or R(pi)
and B → τν, respectively. The gray region is excluded by
K+ → pi+νν¯. Here we assumed all couplings κLij to be real.
which generate s¯bµ¯µ (s¯be¯e) operators if the couplings of
the LQ to muons (electrons) are zero at tree level.
D. Box diagrams with LQs
What cannot be calculated consistently are box dia-
grams involving only LQs [33]. Here, the results are di-
vergent in unitary gauge which corresponds to a gauge
dependence in Rξ gauge. However, these effects are sup-
pressed if |κL| < g2 and can be further suppressed in
the presence of vectorlike fermions by a GIM-like mecha-
nism [36] which, in analogy to the SM, would render the
result finite.
III. PHENOMENOLOGY
Assuming κL33Vcb  κL23, one is safe from LHC bounds,
and the effects in Bs → τ+τ−, Csb7 (µb) (Eq. (12)) and
C``9,sb (Eq. (13)) directly depend on R(X)/R(X)SM (with
X = D(∗), J/ψ). In Fig. 2 we show these dependences.
Intriguingly, the effect generated in Csb7 (µb) and C
``
9,sb,
within the preferred region from b → cτν data, exactly
overlaps with the 1σ ranges of the model independent
fit to b → sµ+µ− data excluding LFU violating observ-
ables [44, 48] (therefore, only P ′5 etc. but not R(K
(∗))
can be explained).
Let us now include the effect of κL13. Here, many cor-
relations arise. First of all, b→ c(u)τν is already at tree
level correlated to b → s(d)τ+τ−. In addition, the W
boxes in Eq. (8) generate effects in B → K(∗)(pi)νν¯ and
K → piνν¯. While the bounds from B → K(∗)(pi)νν¯ turn
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FIG. 4: Allowed (colored) regions in the Cµµ9,sb = −Cµµ10,sb(
=̂ 640κL22κ
L∗
32
)
– R(X)/R(X)SM plane for M = 1 TeV and
X = D,D∗, J/ψ at the 1σ and 2σ level for κL33Vcb  κL23.
The region above the black dashed (solid) line is excluded
by τ → φµ (B → Kτµ) for κL33 = 0.5 = 25κL32 (κL33 = 0.5 =
2.5κL32). The bound from τ → φµ (B → Kτµ) depends on κL33
and κL32 and gets stronger if κ
L
32 gets smaller (larger). That
is, for κL33 = 0.5 and 2.7 / κL33/κL32 / 27, the whole 2σ region
preferred by b → cτν and b → s`+`− data is consistent with
B → Kτµ and τ → φµ.
out to be weaker than the ones from Bq → τ+τ−, there
are striking correlations with K → piνν¯, as can be seen
from Fig. 3. Furthermore, we get an effect
δV τus =
V τus − V τ(0)us
V unius
≈ −Cττus , (14)
where V
τ(0)
us is the CKM matrix element extracted from
τ decays without NP. However, Eq. (8) generates K →
piνν¯, and respecting these bounds, the relative effect in
V τus can only be at the per-mill level, |δV τus| ≈ 0.05%,
excluding the possibility to account for the discrepancy of
|V unius | = 0.22547±0.00095 versus |V τus| = 0.2212±0.0014
[14, 22]. The same is true about Bd → τ+τ−, where
the currently preferred region of analysis using BELLE
data [13] of Br [Bd → τ+τ−]exp =
(
4.39+0.80−0.83 ± 0.45
)
lies
outside the plot range.
Now, in addition to the couplings κL33 and κ
L
23, we al-
low nonvanishing κL32 and κ
L
22. These couplings give rise
to tree-level effects in b→ sµ+µ−. In Fig. 4 we show the
allowed (colored) regions from b → sµ+µ− and b → cτν
as well as the exclusions from b→ sτµ and τ → φµ. Note
that a simultaneous explanation of the anomalies is per-
fectly possible since the colored regions overlap and do
not extend to the parameter space excluded by b→ sτµ
and τ → φµ. Interestingly, due to the loop effects origi-
nating from the b→ cτν explanation, we predict a flavor
universal effect in C``9,sb and C
sb
7 which is supplemented
by a tree-level effect of the form Cµµ9,sb = −Cµµ10,sb with
5muons only. This means that the relative NP effect com-
pared to the SM in lepton flavor conserving observables
(like P ′5) should be larger than in R(K
(∗)), which is in
perfect agreement with the global fit[75].
IV. CONCLUSIONS
The vector leptoquark SU(2) singlet is a prime NP
candidate to explain the current hints for LFU violation.
In this article we calculated and studied the important
loop effects arising within such a model and performed a
phenomenological analysis. We find:
An explanation of b→ cτν data generates lepton flavor
universal effects in b → s`+`− transitions which nicely
agree with the model independent fit (see Fig. 2). There-
fore, the C9 = −C10-like tree-level effect, which is in gen-
eral LFU violating, is supplemented by these effects gen-
erating a new pattern for the Wilson coefficients. This
can be tested with future data. That is, with more precise
measurements of lepton flavour universality violating and
lepton flavor universality conserving effects, one can test
if in fact there is a lepton flavor universality conserving
contribution in addition to the lepton flavor universality
violating ones [49]. Similar conclusions hold for the cor-
relations between b→ uτν data generating lepton flavor
universal effects in b→ d`+`− processes.
NP in b → c(u)τν generates important effects in
Bs(d) → τ+τ− which are even correlated to b → s(d)νν¯
processes and K → piνν¯ via W box contributions (see
right-hand diagram in Fig. 1). The V τus puzzle (like the
CP asymmetry in τ → KSpiν [50]) cannot be solved due
to the stringent constraints from K → piνν¯, and be-
cause of b → uτν bounds one cannot fully account for
the BELLE excess in Bd → τ+τ− (see Fig. 3).
b → cτν and b → s`+`− data can be simultaneously
explained without violating other bounds like τ → φµ
(see Fig. 4). Furthermore, one could at the same time
also account for NP effects in b → dµ+µ− without vio-
lating KL → µ+µ− bounds.
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V. APPENDIX
In this appendix we recall the tree-level results for the
observables and give details on the experimental situa-
tion.
A. dk → dj`−f `+i
We define the effective Hamiltonian as
H``eff = −
4GF√
2
VtdkV
∗
tdj
10∑
a=7
Cfia,djdkO
fi
a,djdk
,
Ojk7(8) =
e(gs)
16pi2
mk[d¯jσ
µν(T a)PRdk]Fµν(G
a
µν) ,
Ofi9(10),jk =
α
4pi
[d¯jγ
µPLdk] [¯`fγµ(γ5)`i] ,
(15)
and obtain at tree level
Cfi9,jk = −Cfi10,jk =
−√2
2GFVtdkV
∗
tdj
pi
α
1
M2
κLjiκ
L∗
kf . (16)
For b→ sµ+µ− transitions, the allowed range is [10]
−0.37(−0.49) ≥ Cµµ9,sb = −Cµµ10,sb ≥ (−0.75)−0.88 , (17)
at the (1σ) 2σ level, assuming a vanishing effect in elec-
trons. In b→ dµ+µ− transitions one finds for the Wilson
coefficients
Cµµ9,db = −Cµµ10,db = −1.9± 1.1 , (18)
assuming them to be real [11]. For τ leptons we have
experimentally [51]
Br
[
Bs → τ+τ−
]
exp
≤ 6.8× 10−3 (95% C.L.) , (19)
and for Bd → τ+τ− there is a (unpublished) measure-
ment of BELLE [13] and an upper limit of LHCb [51]
Br
[
Bd → τ+τ−
]BELLE
exp
=
(
4.39+0.80−0.83 ± 0.45
)× 10−3 ,
Br
[
Bd → τ+τ−
]LHCb
exp
≤ 2.1× 10−3 (95% C.L.) .
(20)
Both are compatible at the 2σ level. The SM predictions
are given by [52, 53]
Br
[
Bs → τ+τ−
]
SM
= (7.73± 0.49)× 10−7 ,
Br
[
Bd → τ+τ−
]
SM
= (2.22± 0.19)× 10−8 . (21)
In our model, we have
Br [Bq → τ+τ−]
Br[Bq → τ+τ−]SM
=
∣∣∣∣∣1 + Cττ10,qbCSM10,qb
∣∣∣∣∣
2
, (22)
with q = s, d and CSM10,qb ≈ −4.3 [54, 55]. For the analysis
of B → K(∗)τµ we will use the results of Ref. [56].
The short distance contribution to the branching ratio
of KL → µ+µ− is given by [57] (with the Hamiltonian
defined e.g. in Ref. [58])
Br
[
KL → µ+µ−
]
SD
= aL
Re
[
λtY˜
]
λ5
+
Re [λc]
λ
PYc
2
6with the numerical input
aL = 2.01× 10−9 , Y˜ = YSM − s2WCµµ10,sd ,
YSM = 1.018
( mt
170 GeV
)1.56
, PYc = 0.115± 0.017 ,
λi = V
∗
isVid , λ = |Vus| . (23)
The upper experimental limit for the short distance con-
tribution is [59]
Br
[
KL → µ+µ−
]
SD
< 2.5× 10−9 . (24)
Using Ref.[27] we have
Br [τ→φµ] = f
2
φm
3
τττ
128pi
∣∣κL22κL∗23 ∣∣2
M4
(
1− m
2
φ
m2τ
)2(
1 + 2
m2φ
m2τ
)
with the current experimental limit [60]
Br [τ → φµ] < 8.4× 10−8 (90% C.L.) . (25)
If we consider Υ(nS)→ τµ, we have [29]
Br [Υ(3S)→ τµ] = 2.6× 10−7
∣∣κL32κL∗33 ∣∣2
M4( TeV)
. (26)
Comparing this to the experimental limit
Br [Υ(3S)→ τµ] < 3.1 × 10−6 (90% C.L.) of Ref. [61],
this does not pose relevant constraints on our model.
B. dk → djνiν¯f
We use the conventions
Hννeff = −
4GF√
2
VtdkV
∗
tdj
(
CfiL,jkOfiL,jk + CfiR,jkOfiR,jk
)
,
OfiL(R),jk =
α
4pi
[
d¯jγ
µPL(R)dk
]
[ν¯fγµ (1− γ5) νi] .
(27)
Note that the LQ does not contribute at tree level.
For K → piνν¯ we use Ref. [62] with the updated nu-
merical values given in Ref. [63] resulting in
Br
[
K± → pi±νν¯] = 1
3
(1 + ∆EM ) η± ×
3∑
f,i=1

 Im
[
λtX˜
fi
L
]
λ5
2+
Re [λc]
λ
Pcδfi +
Re
[
λtX˜
fi
L
]
λ5
2
 ,
Br [KL → piνν¯] = 1
3
ηL
3∑
f,i=1
 Im
[
λtX˜
fi
L
]
λ5
2 , (28)
with
X˜fiL = X
SM,fi
L − s2WCfiL,sd , Pc = 0.404± 0.024
η± = (5.173± 0.025) 10−11
[
λ
0.225
]8
,
ηL = (2.231± 0.013) 10−10
[
λ
0.225
]8
,
∆EM = −0.003 , XSM,fiL = (1.481± 0.005± 0.008) δfi .
(29)
For B → K(∗)νν¯ we follow Ref. [64], giving CSM,fiL,sb ≈
−1.47/s2W δfi, and the branching ratios normalized by the
SM predictions read
Rνν¯K(∗) =
1
3
3∑
f,i=1
∣∣CfiL,sb∣∣2∣∣CSM,fiL,sb ∣∣2 . (30)
This has to be compared to the current experimental
limits Rνν¯K < 3.9 and R
νν¯
K∗ < 2.7 [65] (both at 90% C.L.).
The future BELLE II sensitivity for B → K(∗)νν¯ is 30%
of the SM branching ratio [66].
C. dk → uj ν¯`−
We define the effective Hamiltonian as
H`fνieff =
4GF√
2
VjkC
fi
jk [u¯jγ
µPLdk]
[
¯`
fγµPLνi
]
, (31)
where in the SM Cfijk,SM = δfi. The contribution of our
model is given by
Cfijk =
√
2
4GFM2
Vjl
Vjk
κLliκ
L∗
kf . (32)
With these conventions we have for b→ cτν transitions
R (X)
/
R(X)SM =
3∑
i=1
∣∣δ3i + Cτicb ∣∣2 , (33)
with X = {D,D∗, J/ψ}, assuming vanishing contribu-
tions to the muon and electron channels. We obtain the
analogous expression for b→ uτν.
Concerning τ → K(pi)ν we find that the CKM ele-
ment V τus extracted from these decays is given in terms
of the one determined in the absence of NP contributions
(V
τ(0)
us ) by
V τus = V
τ(0)
us /(1 + C
ττ
us ) , (34)
where we neglected LFV effects. This has to be compared
to [14, 22] |V unius | = 0.22547±0.00095 and |V τus| = 0.2212±
0.0014.
In Ref. [20] the analysis gives
R (pi)exp = 1.05± 0.51 ,
R (pi)SM = 0.641± 0.016 .
(35)
For B → τν we use the PDG value [67] and the SM
prediction of Ref. [19] at the 2σ level
Br[B→ τν]exp = (1.09± 0.24)× 10−4 ,
Br[B→ τν]SM =
(
0.851+0.079−0.077
)× 10−4 . (36)
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